Ⅰ. Introduction
Stroke is a major adult disease and a major socioeconomic burden worldwide [1] . Representative disorders caused by stroke include poor balance and gait function [2, 3] . This can lead to difficulties in daily life, which is a very important factor that reduces the quality of life of stroke patients [4] . Therefore, the major goal of rehabilitation for stroke patients is to acquire a safe and efficient gait function [5] .
One of the major factors limiting gait in stroke patients is muscle weakness in the lower limbs [6] . Patients with chronic stroke show significant loss of muscle strength in both the paralyzed and non-paralyzed side compared to general adults of the same age [7] . In particular, a loss of muscle strength in the ankle dorsiflexion muscles of stroke patients causes an inefficient swing phase of walking, which reduces the walking speed [8, 9] . Therefore, strengthening exercise to recover the lost muscle strength of stroke patients must be included in programs to improve walking ability [10] . In some cases of chronic stroke patients, however, strength strengthening exercise is difficult to apply due to the severe muscle weakness and psychological stress on the lower extremity [9, 11] .
Cross-training defines that motor activity in the unilateral limbs affects the performance of the homologous muscles of the contralateral limbs [12] [13] [14] [15] . The mechanism of cross-training has not been elucidated thus far, but it is explained by the neural adaptation of unilateral limb activity [16] . Sun et al. [17] applied high-intensity isometric resistance training to the unaffected wrist extensors for five weeks to examine the effects of cross-training on the paralyzed upper extremities. Kim et al. [18] reported the results of a three-week progressive task-oriented training of the non-paralytic lower limbs to improve the muscle strength in paralyzed lower limbs. On the other hand, previous studies on the effectiveness of cross-training focusing on strengthening exercise in the non-paralytic lower extremities in chronic stroke patients have been insufficient. Therefore, this study examined the effects of bilateral ankle dorsiflexion muscle-strength exercise using cross-training on chronic stroke patients. This study hypothesized that bilateral ankle dorsiflexion musclestrengthening exercise would be more effective in improving the function of stroke patients than paraplegic dorsiflexion muscle strengthening exercise.
Ⅱ. Methods

Subjects
The subjects were chronic adult hemiplegic patients who were diagnosed with stroke and were hospitalized at the D rehabilitation hospital. The criteria for selection of the subjects were as follows: those six months or more after being diagnosed with a stroke, could walk more than 10 m independently without assistive devices indoors, had an ankle joint manual movement range of five degrees or more with the knee joint extended, and had a score of 24 or (reference voluntary contraction) method was used to standardize the calculated MVIC [24] . RVC EMG signal measured the muscle activity of the paralytic tibialis anterior while the subject remained static standing for five seconds. The measured RVC EMG signal obtained the RMS signal with three seconds of data except for one second at the beginning and end, and the average value of the measured three times was calculated.
1) Balancing ability
A Timed Up and Go Test (TUG) was performed to assess the subject's ability to balance. The TUG test measured the time it took to sit on a chair with armrests, listen to the signal, and stand up to walk three meters back. This tool is useful for stroke hemiplegic patients, and the validity and reliability are .99 [25] . Three measurements were taken, and the average used for data analysis.
2) Gait function
The 10m walking speed test (10 MWT) was performed to evaluate the gait function of the subjects. To provide the distance for the acceleration and deceleration of walking, the 10 MWT marked the start point and end point on the floor by adding an additional 2m from the 10m distance [26] . The start time of the measurement was recorded by dividing the walking speed by one-hundredth of a second using a stopwatch. The walking speed was measured at a comfortable speed. One preliminary trial was made before the measurement, and the average of three measurements was used. This test had high reliability of .95 and a tester of .90 [27] .
Data analysis
Data collected in this study were processed statistically using SPSS version 25 to compare the changes before and after the intervention between the two groups. The statistical significance level was set to α=.05.
Ⅲ. Results
Twenty-four subjects participated in this study, but five dropped out (three in the experimental group and two in the control group) due to discharge. Table 1 lists the general characteristics of the 19 subjects (nine in the experimental groups and 10 in the control groups) who completed the study. In the weights of the two groups, the experimental group had an average of 9 kg more than the control group (p<.05). On the other hand, no significant differences in gender, age, height, paralytic side, injury factor, and onset duration of the disease were observed between the two groups (p >.05). in the changes before and after the intervention between the two groups.
Ⅳ. Discussion
This study examined the effects of cross-training by comparing the bilateral dorsiflexion muscle strengthening exercise and paralytic dorsiflexion muscle-strengthening exercise in patients with chronic stroke. As a result, significant improvements in the muscle activity, balance ability, and walking ability were observed after the intervention in both the experimental and control groups, but there was no significant difference between the groups.
These results were different from the hypothesis in this Values are expressed as means ± standard deviations or numbers. Dragert et al. [9] conducted isometric resistance training on the non-paralytic dorsiflexion muscles for six weeks in patients with chronic stroke. As a result, the muscle activity of the paralytic tibialis anterior was increased.
These findings are in part, consistent with those in the experimental group. Song [11] reported the effects of cross-training on the psychological states in stroke patients and found that non-paralyzed resistance training was more effective in reducing depression than paralyzed resistance training. This supports the necessity of an approach to strengthening muscles toward non-paralysis. In addition, when considering the aspects that muscle strength of the ankle dorsiflexor muscle plays an important role in the walking ability, such as walking speed and walking endurance [8, 28, 29] , paralyzed and non-paralyzed ankle dorsiflexion muscle-strengthening exercise had positive effects on increasing the walking velocity in both groups.
Moon & Kim [30] reported that in patients with chronic there was a significant increase in walking speed after the intervention, but there was no difference between the two groups. These results suggest that the application of interventions to the non-paralyzed side, in addition to the paralyzed side, may be an effective treatment.
Weakened ankle joint dorsiflexor muscles in stroke patients are a major factor causing difficulty in lifting toes during walking, which is a major factor causing circumduction gait [8] . Therefore, this study focused on strengthening the ankle dorsiflexion muscle. As a result, the muscle activity of the tibialis anterior muscle after the interventions was increased significantly in the experimental and control group compared to that before the intervention. Therefore, the strengthening training method performed in this study is an effective intervention method for improving the muscle strength of the paralytic ankle dorsiflexion muscle. Sousa et al. [32] suggested that to start walking in a standing position, postural stability should be secured by controlling the activity of the tibialis anterior and the inhibition of the soleus muscle. In terms of walking speed, it was more effective to use an ankle joint strategy than the hip joint strategy [8, 29] . Therefore, the improvement of the muscle activity of paralytic tibialis anterior in this study appears to be of high clinical value
for the improvement of gait function in stroke patients.
In this study, a significant difference in body weight was observed between the two groups. On the other hand, no significant differences in terms of gender, injury factors, and height, which could affect the group homogeneity in addition to body weight, were observed between the two groups. Nevertheless, this pilot study has limitations in generalizing the results of this study. The relatively short duration of the intervention (six weeks) and the lack of follow-up after the end of the intervention is a factor limiting the generalization of the findings to patients with chronic stroke. On the other hand, this study is significant because it clinically examined the cross-training effects of absolute ankle dorsiflexion strengthening exercise in the functional recovery of chronic stroke patients. Although further studies will be needed to overcome the limitations in this study, these results suggest a new intervention | 69
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Ⅴ. Conclusion
This study examined the effects of cross-training as a strengthening exercise in chronic stroke patients. The results revealed a similar effect in both the muscle strengthening exercise applied to the paralyzed side as well as the non-paralyzed side. Therefore, bilateral ankle dorsiflexion muscle-strengthening exercise may be an alternative to stroke patients who have limitations in applying the muscle strengthening exercise only to the paralytic lower extremities.
